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We comment on, and complete, the analysis of the weak-field limit of metric f(R) gravity in
Ref. [1].
PACS numbers: 04.25.Nx, 04.50.+h
Recently, Chiba, Smith, and Erickcek [1] discussed the
weak-field limit of f(R) gravity in the metric formalism.
These modified gravity theories are widely used as al-
ternatives to dark energy models to explain the present
acceleration of the universe. The authors of Ref. [1] con-
sider the weak-field limit of metric f(R) gravity with-
out resorting to the equivalence with scalar-tensor theory.
This direct approach to the weak-field limit is highly de-
sirable and convincing, as complete physical equivalence
between scalar-tensor and f(R) gravity was questioned
a priori. Chiba, Smith, and Erickcek perform an ex-
pansion around a de Sitter background of constant Ricci
curvature R0, with a slight metric deviation due to a
spherically symmetric perturbation describing a star-like
object.
Chiba, Smith, and Erickcek’s analysis relies on three
assumptions:
1. f(R) is analytical at R0.
2. mr << 1, where m is the effective mass of the
scalar field degree of freedom of the theory. This
scalar field (the Ricci curvature or, better, the field
f ′(R), which is a dynamical quantity in the met-
ric formalism) must be light and long-ranged. If its
range is much shorter than ∼ 0.2 mm [2], this scalar
is effectively hidden from Solar System and terres-
trial experiments. In this case, this field could not
have cosmological effects at late times, but could
only be used in the very early universe at high cur-
vatures, e.g., in Starobinsky-like inflation [3].
3. For the energy-momentum of a local star-like object
P ≃ 0. The trace of a fluid energy-momentum
tensor (in units c = 1) is therefore T1 = −ρ+3P ≃
−ρ.
Not all f(R) functions satisfy assumption 1), as noted
in [1]. The validity of assumption 2) about the scalar
field R being light has already been discussed in several
papers [4]. Due to the chameleon effect well-known in
quintessence models [5], the effective scalar has a mass
and range that depend on the background density and
curvature. As a result, this field can be short-ranged
at cosmological curvatures, evading the weak-field limit
constraints studied by [1] and still causing the cosmic
acceleration. f(R) models with the chameleon effect have
been discussed extensively [4], and we will not comment
further on them here. Instead, we would like to refine the
analysis of Chiba, Smith, and Erickcek of the models that
do satisfy assumptions 1)–3). For these models, we fully
agree with their conclusions but we partially disagree on
the following.
Eq. (10) of [1] for the Ricci scalar perturbation R1 is
∇2R1 −m
2R1 = −
κ ρ
3f ′′
0
, (1)
where m2 is an effective mass squared given by (eq. (11)
of [1])
m2 =
1
3
(
f ′
0
f ′′
0
−R0 −
3f ′′
0
f ′′
0
)
. (2)
The last term, proportional to f ′′
0
in m2 should be
dropped. Many discussions of this effective mass of R1
in a de Sitter background appeared in the literature, in-
cluding propagator calculations and (gauge-independent)
studies of inhomogeneous and homogeneous perturba-
tions of de Sitter space, and they all find
m2 =
1
3
(
f ′
0
f ′′
0
−R0
)
=
(f ′
0
)2 − 2f0f
′′
0
3f ′
0
f ′′
0
(3)
as the effective mass squared [6, 7, 8, 9, 10, 11, 12], where
the last equality follows from the condition for the exis-
tence of de Sitter space 6H2
0
f ′
0
− f0 = 0. Chiba, Smith,
and Erickcek then provide Green functions for the cases
m2 > 0 and m2 < 0, treating both cases as viable in
principle. However, the case m2 < 0 corresponds to an
unstable de Sitter space, which is ruled out, in all models
of metric f(R) gravity [9, 10, 11]. It is true, however, that
the limit m→ 0 is taken in the subsequent discussion of
[1] and this point does not affect their final results.
Chiba, Smith, and Erickcek proceed to solve the weak-
field equations to obtain the post-Newtonian potentials
Ψ(r) and Φ(r) due to a spherically symmetric perturba-
tion of de Sitter space appearing in the line element of
modified gravity
ds2 = −
[
1− 2Ψ(r)−H2
0
r2
]
dt2 + [1 + 2Φ(r)
+H2
0
r2
]
dr2 + r2
(
dθ2 + sin2 ϕ
)
. (4)
2Neglecting terms of order H0r, the weak-field equations
become
f ′
0
∇2Ψ(r) =
2κ ρ
3
−
f ′
0
2
R1 (5)
(eq. (24) of [1]) and
f ′
0
(
−
d2Ψ
dr2
+
2
r
dΦ
dr
)
−
f ′
0
R1
2
+
2f ′′
0
r
dR1
dr
≃ 0 (6)
(eq. (21) of [1]). Our last remark concerns the solution
of these equations. Following [1], the solution of eq. (5)
is expressed as Ψ(r) = Ψ0(r) + Ψ1(r), with
f ′
0
∇2Ψ0 =
2
3
κ ρ , (7)
f ′
0
∇2Ψ1 = −
f ′
0
2
R1 . (8)
The authors of [1] obtain
Ψ0(r) = −
κM
6pif ′
0
1
r
(9)
outside the star-like object, and eq. (8) is integrated
twice, yielding
Ψ1(r) =
−κMr
48pif ′′
0
−
C1
r
+ C2 , (10)
where C1,2 are integration constants. C2 can be set to
zero as customary in the Newtonian limit. Chiba, Smith
and Erickcek drop the constant C1 without discussion. If
C1 6= 0, then the potential ψ(r) contains a term that is
singular at the origin: therefore, a reasonable boundary
condition at r = 0 consists of imposing C1 = 0. (In any
case, including a term with C1 6= 0 would not change the
final result of [1] that the PPN parameter γ is close to
1/2 instead of unity.)
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